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STUDY ON CONDENSATION IN THE PRESENCE OF NONCONDENSABLES 
ON A SHELL - TUBE HEAT EXCHANGER 
Abstract 
Q. s. Yuan 
Electricite de France 
centre des Renardieres 
Departement Application de l'Electricite 
77250 Moret sur Laing, France 
Noncondensable gases in a condenser will reduce the heat transfer coefficient and this is the case of the mixture (steam + air) j Rll4 heat exchanger in our high temperature heat pump. This heat exchanger is a shell - tube type and is for the purpose of simulating industrial cylinder dryer. The refrigerant Rll4 evaporates in tube side and the steam in the mixture condenses in shell side. 
The condensation in the presence of a noncondensable is a delicate phenomenon especially in a geometrically complex heat exchanger. For this reason, a computer program was developed. The program is based on heat and mass transfer relations and can estimate the local heat transfer coefficient, global heat transfer coefficient and thermal power. The results confirm the importance of air tor energy recovery. The influence of refrigerant mass flow rate and quality are also given in this paper. 
Experimental studies on this heat exchanger were carried out. Air mass concentration is varied from 7.5% to 26%. Comparison between calculated results and. experimental results is given in this paper. 
ETUDE DE LA CONDENSATION EN PRESENCE DE GAZ NON CONDENSABLES DANS UN ECHANGEUR DE CHALEUR MULTJ.TUBULAIHE. 
RESUME : Les gaz non condensables dans un condenseur reduisent le coefficient de transfert de chaleur et c'est le cas de l'6changeur de chaleur a melange (vapeur + alr)/Rll4 de la pompe a chaleur a haute t~mperature. Cet echangeur de chaleur est du type multitubu-laire a calandre et est destine a simuler un deshydrateur industriel a cylindre. Le Hll4 s'evapore du c6te des tubes et la vapeur du melange se condense du c6te de }a calandre. . 
La condensation en presence d'un gaz non condensable est un phenom~ne d6licat, en particulier dans un echangeur de chaleur a geo-metrie complexe. C'est pourquoi on a mis au point un programme d'or-dinateur. Ce programme s'appule sur les relations du transfert de chaleur et de masse et permet d'estlmer le coefficient de transfert de chaleur local, le coefficlent global de transfert de chaleur et la puissance thermigue. [,es resultats conflrment l 'importance de ) 'air pour la recuperation de l'energie. L'influence du debit et de la qual~te du frigorig~ne est aussi mentionnee dans le rapport. 
Des etudes experimentales ont ete effectuees sur cet echangeur de chaleur. La concentratlon de la masse d' air varie de 7, 5 a 26 ¥;. Ce rapport compare les resultats des calculs et des experiences. 
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STUDY ON CONDENSATION IN PRESENCE 
Of NDN-CONDENSABLES 
ON A SHELL-TUBE HEAT EXCHANGER 
1 - INTRODUCTlON 
Q.S. YUAN - C. HISSIRIAN 
ELECTRICITE DE FRANCE 
Centre des Renardieres 
Departement Application de 1' Eledr ici te 
77250 MORET -SUR-LOING 
FRANCE 
Condensation of vapour in presence 
of non-condensables takes place in 
heat 
exchangers that are used for was
te heat recovery. In many cases, 
1t means 
condensation of steam in presence o
f air. The presence of air deg1'Bdes 
the heat 
transfer coefficient and consequent
ly reduces the power to be transferr
ed for a 
given heat exchanger. In this pape
r, a rEfrigerant Rll4 evaporator i
n a high 
temperature heat pump system [ 1], de
signed For waste heat recovery from
 wist 
(steam/air mixture) is studied. Eva
poration of Rll4 in tube side is en
sured by 
heat recovery from condensation of 
steam in the mist in shell side of 
the heat 
exchanger. The operation of this he
at exchanger dir~ctly determlnes the
 perfor-
mance of the installation. A prellm
inary study was made before the con
struction 
of this heat ""changer. This paper 
presents the math~matical modelling
 results 
for estimating the influence of di
fferent parameters in this heat ex
changer. 
Comparison between calculated and m
easured results is given in this pap
er. 
2 - CONDENSATION IN PRESENCE OF NO
N-CONDENSABLE~ 
Condensation in presence of non-co
ndensables is shown in Fig. 1. A temp
e-
rature drop exists between tile bu
lk temperature T m and the condens
ate non-
condensables interface temperature 
T i. ic where condensation takes place
. The 
presence of non-condensables resu
lts in two unfavorable influences 
on heat 
transfer : 
- steam lS in its partial pressure 
and consequently Tm < Tt, 
- steam must be diffused through a 
non-condens$ble film in order to re
ach 
the conden;ate film. 
Colburn and al. [2] have developed
 equations for condensation in pre
sence 
of non-condensables. Heat transferre
d in this case is the sum of latent
 heat by 
diffusion and sensible heat by conv
ection. Sparow and a]. [3] have solve
d lami-
near condensation equations for a v
ertical wall in presence of non-cond
ensable,; 
by analytical method. Chisholm [4] 
obtained a relation governing heat 
transfer 
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in th>s case. Henderson and al. [Sj proved important degradation of tile hfat trancfer coeffldent for steam/all" ~nd toluene/nitrogen. [6. 7 .8] >tudied the influence of rJ.ow rate on the heat transfer coefficient when non-condensables are present, the favorable role of flow rate is confirmed. The work of Cunningr1am [9] showed that the influence of non-condensables is different for 
smooth tubes and finned tubes used in heat exchangers. 
The 11eat exchanger in question is a shell-tube one. The steam/air mixture 
flows in shell s.1de releasing its latent and sensible heat to refngerant Rll4, which evaporates in tube side. The function of this heat exchanger is to simulate working conditions of an Industrial dryer. The pressure in shell side is clos~ to atmosphenc pressure. Air plays a dominant role for the heat transfer coeff1cient and for heat to be recovered. The constructwn of this heat exchanger is given in lig. 2. Considering Ho particularitie~;, two special measure"> have been applied to th 's heat exchanger. 
- Baffles have variable distance that allows the mixture to have a constant 
speed and 1mproves the heat transfer coe fl.icient. 
- Two evenls ensure the condensate drain as it forms. 
In fact, our case is more complex in comparison to the cases used by the invesbgator> mentioned above : steam speed IS not well known ; there is inun-dation influence ; air distribution is unknown. Theoretical and experimental studies are necessary in order to know exactly Lhe heat transfer pl1enomenon in this heat exchanger. The modelisation is one part of this study. 
3 - MODEUSAT!Df;! 
The steam/air mixture flow rate inside the heat exchanger is considerable, this fact allows us to assume that the charactenstJ.cs of steam/air mixture on each cross sect 10n of heat exchanger are identical. In contrast, the construc-tion of two passes of r~frigerant Rll4 side imposes a great difference on heat transfer 8nd the calculation is then made separately. 
The calculation begins at the entrance of the steam/air mixture whose characteristlcs are known, those of Rll4 at the entrance are also known but an estimated value for output temperature of Rll4 is needed to start the calcula-tion. The calculation is based on a temperature interval which corresponds to a thermal pm•er and a heat transfer surface. The calculation ends when tllere is equality of calculated and given surface. If vapour quality is not the same on two passes at the enn of calculation, the calculation is repeated by changlng the estimated temperature. The general block diagram of calculation is given in Fig. 4. 
4 - AN_ALYSIS OF CALCULATED RESULTS AND DISCUSSIONS 
rig. 5 shows variation of the heat transfer coefficient along tile heat 
exchanger. The heat transfer coefficient in tube side vanes from 580 W/m2oc to 
6000 W/m 2oc, this is due to important variations of steam percentage in the steam/au mixture. In fact, it is 70 ~; at the entrance and only 12 ~~ at the 
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exit. As stated above, the air v
ariation takes place only along th
e heat 
exchanger, the heat transfer coeffic
ient is symmetrical on two passes. A
s for 
Rll4, it is a function of v~pour qua
lity. The curve i'> relatively flat ne
ar the 
steam/air mixture exit because of low
 thermal flux. 
The Fig. 6 shows variations of gl
obal heat transfer coefficient as 
a 
function of percentage of steam. The
 importance of air is confirmed. Fu
rther-
more, the influence of vapour qua
lity can be seen. A high vapour qu
ality 
en>ures a better heat transfer coeff
icient at the entrance. This increase
s the 
global heat transfer coefficient beca
u>e heat transfer co~fficients in th
e two 
sides have similar values. But this
 is not the case at the exit of the
 heat 
exchanger as the heat transfer coeff
icient in the shell side dimnishes 
which 
decreases the global value. 
As for the 1nfluence of air quanti
ty, this is shown in Fig. 7. If other 
conditions are identical, a omall qu
antlty of air allows for a high drew 
point 
on which the partial pressure depend
s. This pressure determines heat tran
sfer. 
It g,hould be indicated that Rl14 chara
cteristics at the outlet are differen
t in 
these two cases. 
The Rll4 flow rate also plays a ro
le for the heat transfer coefficien
t. 
This can be seen from Fig. 8. In the 
case of a small a.r percentage, the d
iffe-
rence remains minimal. Th1s differenc
e appears progressively with the inc
rease 
of steam quality. 
Fig. 9 shows a comparison between cal
culated and measured evaporator powe
r. 
The air percentage of mass varies fro
m 7,5 I to 26% in the conditions te
sted. 
As one can confirm from this figure, 
the calculated values agree well with
 the 
measured ones. The maximum error is 
only 10 ~L The 1nstruments equiped o
n this 
heat exchanger do not allow us to 
compare the calculated and measured 
local 
heat transfer coefficient. 
5 - CONCLUSION 
This model allows simulation of heat
 transfer phenomena oF the Rll4 evap
o-
rator in the high temperature heat pu
mp. The influences of different param
eters 
can be esbmatcd by this model. 
Among the parameters studied, air 
percentage in the wist is the mos
t 
important for heat transfer. 
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Fig. 1 - Condensation in presence of noncondensable 
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Fig. 3- Parameters of heat exchanger model 
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Data: 
R114 :temperature, vapour quality, mass flow rate 
Mixture :temperature steam percentage, mass flow rate 
Calculation of mass condensed and heat power for a given intervalle of mixture's 
temperature 
Calculation of heat transfer coefficient for R 114 side and mixture side 
Calculation of elementary heat transfer surface and global heat transfer surface 
Calculated surface "' real surface 
Fig. 4- Calc!llation diagram 
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R114 
0 R114 Mass flow rate 2.5 kg/s 0 
Temperature 75°c N 
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Fig. 5- Evolution of heat transfer coefficient as a function of heat exchanger lenth 
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Fig. 7 - Evolution of heat transfer coeffi· 
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Fig. 8- Evolution of heat transfer coeffi· 
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Fig. 9 - Comparison of calculated and 
mesured R 114 evapOration power 
